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Abstract 
Due to the lack of suitable approaches for sustainable development, over the years, a gap has evolved between the developed and emerging 
countries on innovation and technological development. At the same time, opportunities for value creation call for a collaborative framework for 
economic, environmental, and social industrial benefits among multiple countries to achieve sustainable value creation. Based on international 
cooperation in sustainable manufacturing, existing design and assessment methodologies can be adapted to increase innovation by utilizing the 
dynamics of competition and cooperation. This paper focuses on bridging this gap by implementing an approach for adaptively transforming the 
industrial engineering education principles and practices with the associated research methodologies from developed countries into manufacturing 
systems in emerging and developing countries. To achieve this transformative approach for sustainable development through education and 
research, developed countries promote their best practice education cultures in emerging and developing countries. Based on the need for 
technological and managerial methodologies for sustainable manufacturing, the set of capabilities for industrial engineering are analyzed, and 
educational principles are selected. As an example of the approach proposed in this paper, a new reformed program for industrial engineering 
merges the needs of the Turkish manufacturing industry with the German application-oriented education and research culture. The educational 
program guides stakeholders to generate a common understanding and utilize bilateral opportunities for sustainable value creation in 
manufacturing. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Caused by natural phenomena and human activity, the 
acceleration of climate change has already affected economics 
and human lives worldwide. Climate change damages 
properties and infrastructures, and results in lost productivity, 
mass migration, and security threats. Sustainable value creation 
can significantly contribute to the deceleration of climate 
change and the reduction of negative economic impacts. 
Manufacturing activities can be developed to run on renewable 
and non-renewable resources in closed-loop cycles to promote 
a circular economy. The design, operation, and assessment of 
such sustainable manufacturing systems within the limitations 
of renewable resource generation, and social compatibility, are 
the major challenges of the 21st century. 
Most countries are already involved in global value creation 
to a certain degree, and they cooperate with international 
stakeholders. There is a positive correlation between 
participation of public and private service sectors in global 
value creation, particularly in manufacturing, and the growth 
rates of gross domestic product (GDP) per capita [1]. This can 
also cause challenges, as crises can be transmitted across 
borders quickly. Furthermore, a deeper gap regarding the 
resource generation and consumption has increasingly evolved 
between the developed, and emerging and developing 
countries. Developed countries create the most value, having a 
decreasing benefit on global well-being [2]. Since the second 
half of the 20th century, emerging countries have grown quickly 
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to accommodate the consumption needs and aspirations of 
developed countries, often allowing an increase in irresponsible 
resource consumption.  
However, developed and emerging/developing countries 
need opportunities to maintain and enhance their living 
standards (quality of life) while reducing their environmental 
footprint. At the same time, emerging/developing countries 
need opportunities to ensure and improve their living standards 
according to Maslow’s hierarchy of human needs [4]. A wide 
range of growing threats to people’s lives include wars, political 
and ethnic conflicts, terrorism, environmental and natural 
phenomena, industrial accidents, occupational injuries, and 
crime. Developments in science and technology, combined 
with major challenges such as climate change and access to 
resources, affect how products and services can be created, 
distributed and managed. Production and consumption methods 
need to change as developed, emerging, and developing 
societies deal with sustainability challenges.  
In developed countries, the rate of population growth is 
lower, and in some European countries it is even negative. For 
example, the average age of German engineers is currently over 
50. Over the next ten years, more than one in two German 
engineers will be working for German companies abroad, and 
almost one in four engineers working in Germany will retire. 
Because of this shortage of engineers in Germany, the job 
market needs more than twice as much graduates annually, 
90,000 instead of 44,000 [3]. In terms of an European 
comparison, Turkey, with a population of 76 million people, 
represents the second largest demographic and – with an 
average age of 31 years – the youngest community [2]. 
A well-educated population is essential for a country’s well-
being and sustainable development. Education plays a key role 
in providing people with the capabilities needed to participate 
in advancing the society, environment, and the economy. The 
focused determination of engineers and decision-makers to 
sustainable development and its holistic implementation in 
practice heavily rely on manufacturing methodologies to design 
and produce, as well as manage, operate and evaluate, the 
impact of products and services.  
Many scientists report the need for a sustainable approach to 
various disciplines [4]. A comparison of major disciplines in 
selected educational programs shows that business and legal 
studies, social sciences, computer sciences, and engineering 
only barely cover the important elements of sustainable value 
creation. While value creation through manufacturing is 
dominated by engineers, those looking to improve upon value 
creation have embraced the principles of industrial engineering 
using different manufacturing and management methodologies. 
Industrial engineering as a dynamically developing field of 
engineering that has risen to the top of manufacturing, services, 
and other areas of value creation in many developed and 
emerging countries [5]. This paper provides a closer look at 
industrial engineering in order to analyze how industrial 
engineering practices can change and how education in 
industrial engineering can enhance capabilities for sustainable 
value creation in practice. 
The main goal of this paper is to propose a framework for 
bridging the gap between developed and emerging/developing 
countries through a reformed industrial engineering educational 
program. The proposed improvement of the program is 
discussed in three steps, first by exploring how industrial 
engineering programs need to change in response to 
sustainability challenges. The next section reviews the 
methodologies and capabilities of current industrial engineering 
programs, and identifies the major principles of industrial 
engineering, particularly in developed countries such as 
Germany and the United States (US). It then analyzes the gap 
between educational programs and practice, and synthesizes the 
need for transformation of industrial engineering principles for 
sustainable value creation. Finally, it presents a framework for 
an improved industrial engineering program to achieve 
sustainable value creation. The graduate industrial engineers 
are then shown as the drivers of sustainable development in 
global value creation as they contribute to bridging the gaps 
between different development levels worldwide. 
2. Review of Industrial Engineering 
This section discusses the current capabilities, and 
principles and methodologies in industrial engineering, and the 
value creation requirements involving efficiency and 
effectiveness (see Fig. 1). 
Fig. 1. Industrial engineering (a) capabilities; (b) methodologies; (c) principles; and (d) goal and requirements.
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2.1. Methodologies of Industrial Engineering 
Value creation consist of tangible and intangible products 
involving raw materials, information and energy, processes, 
equipment, organization, and human in modules and networks 
[6]. It changes according to its stakeholder requirements. For 
changing the value creation, the two major requirements are an 
increase in efficiency and effectiveness (see Fig. 1d). 
The roots of the profession, “industrial engineering,” date 
back to the second industrial revolution at the beginning of the 
20th century. Frederick Taylor is well acknowledged as the 
pioneering management expert, engineer and the leader of the 
engineering movement in developing methodologies for 
improved efficiency in manufacturing without using the term 
“industrial engineering” [7]. 
Efficiency is the extent to which time, cost, and resources 
are consumed in value creation activities. It seeks to do more 
with less, e.g., through increased speed with less resources and 
waste. It expresses an input-output ratio in order to “do any 
activity right”. Economies of scale characterize the main 
industrial goal of the early 20th century to reduce average costs, 
coupled with efforts to increase the efficiency of manufacturing 
systems [8]. Effectiveness seeks to “do the right activity”. It is 
the capability of creating the intended value for mankind. 
Effectiveness must be learned, through training, and improved. 
While effectiveness questions the goal, efficiency stipulates the 
amount of resources and time, which are needed to reach the 
goal. In the last three decades, the focus of manufacturing 
systems has moved from efficiency to effectiveness. 
Economies of scope characterize the main industrial goal of the 
period from late 20th to early 21st century in order to increase 
effectiveness in value creation [8]. Awareness of this paradigm 
shift is essential for industrial engineers to ensure both 
effectiveness and efficiency in all manufacturing activities. 
With increasing number of factors and stakeholders 
involved in the value creation, the manufacturing system 
becomes more complex, particularly with more conflicting 
issues related to the goals. In order to increase the efficiency 
and effectiveness of complex systems, industrial engineering 
has, since its formation, been associated with manufacturing 
[5]. Industrial engineering builds a bridge between technology 
and management, and is concerned with value creation aiming 
at specific goals through the methodologies of design and 
planning, operation and maintenance, as well as assessment 
and improvement [8]. 
2.2. Capabilities of Industrial Engineering 
Interest in industrial engineering as an educational 
discipline in higher education has grown steadily since 1901, 
when Diemer designed and offered the first industrial 
engineering course in the Department of Mechanical 
Engineering at the University of Kansas, US. [7]. The Stevens 
Institute of Technology had the eldest American “Industrial 
Engineering Department,” established in 1908 at the School of 
Business Engineering. In Germany, Prion, as an economics 
professor was the first director to develop and manage the 
department, focusing on industrial engineering, at the Berlin 
Institute of Technology since 1927 [9]. 
Universities frequently offer industrial engineering 
programs at the bachelors, masters, and doctoral levels. 
Universities are bodies of higher education, where formal, 
institutionalized, and academic education and research work is 
conducted. The Humboldtian model of higher education 
combines research and education. Students develop certain 
capabilities at universities for their future professional career; 
these capabilities are the result of an academic education. 
Capabilities present a set of knowledge, skills, and competence 
in the context of the European Qualifications Framework, as 
presented in Fig. 1a and Fig. 2a. 
Knowledge is the outcome of the information assimilated 
and reproduced through learning. Students achieve academic 
knowledge through higher education. Knowledge is a body of 
facts, principles, and theories. The body of methodologies, 
instruments, and tools builds methodological knowledge [10]. 
Skills are the ability to apply knowledge, use logical 
thinking, and know-how to complete tasks and solve problems. 
Students train in the learned methodologies and tools in order 
to extend their methodological knowledge into practical 
knowledge, which then results in skills (Skills = Practical 
knowledge = Methodological knowledge + training). Training 
programs are structured, and are non-formal parts of academic 
education designed to impart skills through planned practical 
courses and real problems, in both research and practice. 
Practical courses usually follow the principle of “learning by 
doing,” which was introduced by Dewey at the beginning of 
20th century [11]. Introduced for medical problem-solving in 
the late 1960s, “problem-based learning” focuses on issues in 
order to find solutions to existing problems. For instance, if 
students identify the cause for an irregular state of a machine, 
they construct maintenance activities by generating 
hypotheses, collecting relevant information (e.g., interviewing 
Fig. 2. Capabilities for industrial engineering; (a) Qualifications framework; (b) education; and (c) practice cycles
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the machine operator, analyzing historic data), and evaluating 
different hypotheses [4]. 
During Kolb’s four-stage education cycle, as presented in 
Fig. 2b, students are in the formal procedure of motivation, 
awareness, application, and transformation. Their focused 
determination inspires them to perform reflective observation, 
and to engage in personally experiencing the surroundings. 
They frequently apply knowledge in order to form certain 
concepts and test these concepts in real situations [12]. 
Competence is the proven ability to use knowledge and 
skills in professional life by taking responsibility for activities 
and decisions [10]. Performing knowledge and skills in 
professional life acquires and improves competence, which is 
a named practice [13]. The active, unstructured, and informal 
experimentation of knowledge and skills in professional and 
personal lives results in experience.  
As presented in Fig. 2b and 2c, experience, principles, and 
motivation all influence ways of looking at, and watching 
certain situations during the practical cycle. Critical thinking is 
the structured procedure of analytic thinking, analyzing, and 
synthesizing information, data, facts, and experience around 
accumulating answers to questions. Using critical thinking in 
training and practice enables the application and transfer of 
knowledge to new situations and the interpretation of data to 
make balanced decisions [14]. Critical thinking is essential for 
industrial engineers to think outside of the box, and to balance 
conflicting goals and trade-offs between the value creation 
factors and stakeholder requirements. 
Transferring knowledge to new situations for the purpose of 
interpreting data builds concrete experience, which improves 
competence and later becomes a principle for decision-making 
in similar matters. The more the experience gained through 
application and transformation in practice, the greater the level 
of competence gained [12].  
2.3. Principles of Best Practice Industrial Engineering 
Programs 
During the formation of higher educational programs, the 
pursuit of principles and standards guides all stakeholders, 
including instructors/lecturers, scientists, coordinators, and 
designers of a program [5]. External accreditation bodies, 
which are authorized by the respective governments and 
professional societies, evaluate educational programs in order 
to determine if the governmental and intergovernmental 
standards are met. For example, the European Bologna Process 
aims to ensure comparability in the national standards and 
quality of higher education qualifications [10]. Designers and 
coordinators take the initiative to adapt the programs to the 
regional conditions of any respective country. Feedback from 
industry, alumni, scientists, and accreditation bodies, and the 
designers, coordinators, and instructors/lecturers shapes the 
program. When the accreditation bodies assess the revised 
programs, the accreditation criteria of, for example, the 
Accreditation Board for Engineering and Technology (ABET) 
in the US and the Accreditation Agency for Degree Programs 
in Engineering, Computer Science, Natural Sciences and 
Mathematics (ASIIN) in Germany, guide the higher education 
institutions.  
Designers follow principles and standards in order to create 
the program, coordinators follow principles and standards in 
order to operate, scientists in order to research, lecturers in 
order to teach, and adapt educational courses, and students in 
order to learn. Graduates follow these principles in their 
professional life by transferring and applying their academic 
knowledge to new situations. They accomplish tasks and make 
decisions in order to design, plan, operate, maintain, assess, and 
improve value creation activities. To acquire competence in 
these tasks, they combine knowledge and skills in both 
technology and socio-economics [7]. Current industrial 
engineering programs follow three principles: (1) 
interdisciplinary higher education based on (2) problem solving 
and (3) IT. 
Industrial engineering is an interdisciplinary profession that 
contains two main knowledge domains: technology and 
management (see Fig. 1b) [15]. Higher education provides 
academic knowledge in both engineering and social sciences 
according to the first principle [16]. Interdisciplinary 
capabilities designate industrial engineers to recognize and 
infer single and common goals in complex manufacturing 
systems, abandon and communicate goals that are no longer 
relevant, identify conflicts among goals, and prioritize goals 
consistently for more competitive advantage in value creation 
activities (see Fig. 1d). Ongoing efforts of industrial 
engineering in problem-solving aim to change value creation, 
and forms the second major principle (see Fig. 1c). 
The information and communication technologies (IT) 
enable the digitalization of information, data, and facts for all 
the above tasks and decisions. Access, storage, exchange, and 
manipulation are possible through the integration of telephone 
lines, wireless signals, computers, software, storage, and audio-
visual systems. Education and practice have increasingly 
exploited IT in the last three decades. In education, courses 
focus on IT-based learning. In practice, IT-based applications 
have increasingly evolved in order to complete daily tasks, e.g., 
to plan, operate, and monitor manufacturing systems. Focus on 
IT forms the third major principle (see Fig. 1c) [17]. 
Fig. 3, resembling a house, demonstrates a four-year 
industrial engineering undergraduate program based on the 
well-acknowledged four-year American and three-year 
German industrial engineering programs [9]. Most programs 
Fig. 3. House of industrial engineering; (a) bachelor thesis; (b) internship; (c) 
engineering, (d) manufacturing, (e) economic sciences, (f) fundamentals in 
physical sciences and (g) in formal sciences.
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cover basic academic knowledge in both engineering 
disciplines and economics within the first two years. The upper 
level courses build on courses taken earlier in the program. 
Students receive training and develop methodological 
knowledge from the fourth to the sixth semester in order to 
combine and intensify their learned academic knowledge in 
engineering and economics. Graduates usually earn a Bachelor 
of Science (B.Sc.) degree. 
The fundamental knowledge for engineering is in the formal 
and physical sciences. Most programs require several courses 
in formal and natural sciences in the first year (see Fig. 3g). In 
the second year, physical sciences and technical courses related 
to fundamentals, particularly statistics and stochastics, 
materials, mechanics, and electronics, build the necessary 
fundamentals (see Fig. 3f). The upper level engineering courses 
in the third year, including thermodynamics, engineering tools, 
and product design (see Fig. 3c) provide sufficient knowledge 
for the students to focus on manufacturing methodologies, 
tools, and instruments in order to improve the efficiency of 
technological processes. Courses related to production and 
assembly technology, manufacturing processes laboratory, and 
computer control of and simulation in manufacturing systems 
constitute a good portion of the program (see Fig. 3d). In the 
first two years, fundamentals in economics covers business 
administration, accounting, marketing, and controlling. Based 
on this economic knowledge, in the third year, related courses 
such as factory information and technologies, quality and 
supply chain management follow. The third year economics 
courses focus on economic aspects of value creation (see Fig. 
3e) [5]. 
  Many of the academic courses require laboratory 
experience in training and experimentation, modelling, 
simulation, and interpretation of results. Students develop skills 
through internships (see Fig. 3b), and write a bachelor thesis in 
the fourth year (see Fig. 3a), which requires students to work, 
on occasions with industry, and would involve science-based 
analyses. The oral and written presentations associated with the 
internship and bachelor thesis require skills in both scientific 
and technical writing. Additionally, industrial engineers need 
the capabilities to identify and model causal chains and 
recognize functional relations, as well as develop 
communication and teamwork skills.  
If industrial engineering is to prosper in the future, it needs 
to serve the economy, environment, and society. Change of 
value creation, especially of production and consumption 
habits, is required in order to close the gap between developed 
and emerging countries. Integrating new principles into 
education and later into the practice of industrial engineers 
offers opportunities to gain leverage on the required sustainable 
development. The next section provides a closer look behind 
the scenes of industrial engineering in order to analyze how far 
industrial engineering can enhance capabilities for sustainable 
value creation, and to identify the prevalent gaps in industrial 
engineering. 
3. Gap Analysis 
 The goal of this paper is to present a new methodology 
without any comparison to other educational programs in order 
to provide direct improvement opportunities in industrial 
engineering. Many scientists and practitioners express the need 
for a sustainability approach to industrial engineering. 
However, the integration of sustainability and related aspects 
into the current programs is only rare, still not in detail, and 
holistically analyzed. One of the most frequently applied 
methodologies for improvements based on gap analysis is the 
house of quality, which is the most recognized means of quality 
function deployment (QFD) to identify where the gap needs to 
be closed and how this can be done [18]. In terms of the 
methodology, the QFD analysis provides a roadmap for 
designers and coordinators to follow by improving educational 
programs. The house of quality describes, qualitatively, and by 
using a series of matrices, the relationship among industrial 
engineering methodologies, capabilities, and principles. It adds 
a focus on the capabilities and principles that are selected by 
the stakeholders.  
In order to identify the gap and targets of industrial 
engineering and based on the requirements and preferences of 
Fig. 4. House of quality in order to identify prioritized (a) capabilities; and (b) principles.
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the stakeholders, matrices are prepared in two stages. Data 
coming from questionnaires, interviews, and meetings with 
stakeholders are used to build a QFD matrix (see Fig. 4).  
The stakeholders are divided into three groups according to 
Maslow’s hierarchy of human needs. The first group consists 
of the public, governmental and voluntary, non-governmental 
sectors serving for and including the society. This group of 
stakeholders aims to protect society from actions and people 
with negative impacts on their environment. These 
stakeholders determine policies, regulations, and standards to 
satisfy basic human needs such as air, water, and food, and 
preserve a good quality of life and education. The second group 
consists of education and research institutions, such as 
universities, which are recognized to offer tertiary level 
qualifications, as well as research and development activities, 
in line with the Humboldtian model. The third group is the 
economic and private sectors, including the manufacturing and 
service sectors, which are run for profit as SMEs. In general, 
students, instructors/lecturers, coordinators, designers, and 
scientists fall into the second group, alumni, and prospective 
employers into the third group, and parents, taxpayers, 
legislators, administrators, and arbitrators into the first group. 
The matrix on the left side of Fig. 4 presents the first QFD 
stage. It relates industrial engineering methodologies to how to 
realize these through industrial engineering capabilities. The 
methodologies (WHATs), building the rows of the matrix, are 
necessary to create sustainable value. The capabilities (HOWs), 
building the columns of the matrix, are necessary to be able to 
analyze, apply, and adapt methodologies (see Fig. 4a). These 
methodologies are determined by the second and third group of 
stakeholders, including program designers, coordinators, 
students, alumni, and some potential employers. More than 
twenty technological and managerial methodologies have been 
identified through interviews and questionnaires. They are 
organized by six review and analysis categories, ranging from 
design, planning, operation, and maintenance, to assessment 
and improvement of value creation, based on affinity diagrams. 
In order to develop weightings, the methodologies are ranked 
by the stakeholders, based on their experience within the 
educational programs and industrial practice. 
The capabilities, listed at the top of Fig. 4a, establish those 
characteristics of the industrial engineering profession that are 
likely to affect one or more methodologies. The capabilities 
describe qualitatively which knowledge and skills the students 
and graduates need to apply, evaluate, and develop the existing 
methodologies. The connection of each methodology with a 
significant capability within the matrix expresses the relation 
among them, presented by a symbol for strong, medium, or 
weak relations on a three point scale (for example, strong: 9, 
medium: 3, weak: 1). The triangular roof of the matrix 
highlights potentials for redundancies or conflicts by 
improvements. The roof is used to identify which capabilities 
support or impede each other. If improving one capability 
causes a deterioration of any other capability, a trade-off exists 
and is represented by a negative symbol. If two redundant or 
improving capabilities lead to a direct improvement of another 
capability, a positive symbol is entered. 
The trade-offs and relations are used to establish target 
capabilities, shown in the bottom part of Fig. 4a. In order to 
calculate the relative importance of each capability, the 
weighting of each methodology and the relations are 
multiplied. All values of a capability are summarized below the 
columns in order to give a priority score for each capability. 
Below the priority score, a target to be met by the improvement 
is inserted, based on an understanding of the existing 
methodologies and capabilities.  
To enable listing and ranking of the prioritized capabilities 
on the left side of Fig. 4b, the same procedure is followed in 
the second stage. The principles, at the top of Fig. 4b, establish 
the characteristics needed to build the capabilities through 
educational programs. Stakeholders categorize the principles 
into two groups in order to identify the gaps between the 
desired principles in the future (TO-BE) and the current ones 
(AS-IS). The capabilities are weighted according to the 
stakeholders’ preferences (for example, high: 9, medium: 3, 
low: 1). Relations between a principle and its scored 
capabilities are multiplied, and then the results are summarized 
to build the score for each principle. For example, the 
“interdisciplinary” principle from current industrial 
engineering programs is rated “medium” when related to the 
highly weighted capabilities “knowledge transfer and data 
interpretation” and “knowledge application to new situations,” 
and it receives a score of 54 (9*3 + 9*3 = 54). Stakeholders 
differentiate between the targets for current (AS-IS) principles 
with a score of 125 and future principles (TO-BE) with 250.  
The gap between existing and target principles, and the gap 
between scores and targets, both shown at the bottom of Fig. 
4b, indicate the improvement potential of the current programs. 
Based on the redundancies identified in the roof, the 
stakeholders eliminate the problem-solving principles, and 
recommend instead a future focus on project-based principles. 
The IT-based principle already meets the target in the current 
programs through its high integration into many upper level 
courses. The international, project-, and sustainability-based 
principles need further improvement when revising and 
updating the programs. 
4. Framework for Achieving Sustainability through a 
Reformed New Industrial Engineering Program 
The major results of the gap analysis includes the potential 
areas for an improved program that can enable industrial 
engineers promoting and achieving sustainable value creation 
in both developed and emerging countries. Next, the second 
stakeholder group proposes the modifications necessary for the 
best practice industrial engineering programs. Industrial 
engineering undergraduate programs at different European and 
North American universities, especially in Germany and 
Turkey, are analyzed in detail, with regard to the proposal of 
the stakeholders. The proposed modifications are organized 
according to three selected principles—international, projects-
based, and sustainability-incorporated—in order to develop a 
new reformed program. The stakeholder feedback is collected 
to investigate the improvement potential for industrial 
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engineering programs in each QFD stage. Discussions in round 
tables and workshops with all three stakeholder groups, as well 
as interviews with single groups of scientists and lecturers, 
questionnaires with industry experts, alumni, and students, are 
used to decide the transformations of the industrial engineering 
principles.  
The resulting framework proposes that sustainable value 
creation should be a core component of industrial engineering. 
Courses about sustainable manufacturing provide 
methodological knowledge in the upper level of undergraduate 
programs (see Fig. 5d). The interdisciplinary courses in 
engineering and economics are structured in order to educate 
industrial engineers. The graduates can at a later stage design 
manufactured products, or develop services to fulfill 
functionality over multiple product life-cycles, with a strong 
impact on sustainability covering the environment (nature and 
society), while providing economic values.  
 When industrial engineering is committed to sustainable 
value creation, direct or indirect impacts of manufacturing on 
the economy, environment, and society will be demonstrated in 
formal training programs in universities, or project-based 
courses with scientific or practical contexts. Project-based 
courses incorporate problem-solving, interdisciplinary 
teamwork, and project management (see Fig. 5h). Project-
based courses consist of iterative decision-making and 
operations, and pursue solutions to real and nontrivial 
challenges by asking and refining questions, debating ideas, 
making predictions, planning investigation, collecting, 
analyzing data, drawing conclusions, communicating their 
findings to others, and creating artifacts such as reports, 
models, computer programs, and video productions. Projects 
facilitate knowledge and skills in the areas of motivation, 
innovation, communication, teamwork, and writing business 
plans, in ways that encourage entrepreneurial behavior. 
During the last two decades, the rapid rise of IT has 
increased the simple access to information for project-based 
courses and has contributed to improved interactions with other 
disciplines, as well as with other regions of the world. Through 
innovation and entrepreneurial spirit, the reformed industrial 
engineering program has developed capabilities for creative 
solutions to numerous regional issues. This approach supports 
narrowing the gap between developed and emerging countries 
in order to reach an equal international distribution of social 
benefits and environmental burden.  
The new program therefore clearly differentiates between 
technical and international internships. The technical internship 
serves to increase practical knowledge, based on “learning by 
doing,” after the first year to gain experience in methodologies 
such as metal forming and quality checks based on the natural 
and physical sciences (see Fig. 5i). The international internship, 
after the third year, enables the demonstration of the newest 
innovations with a local adaptation to the specific needs of an 
emerging country through the adaptation of technological and 
managerial methodologies of value creation (see Fig. 5b). 
Students are exposed to high level industrial engineering 
challenges, as well as design, management, and planning of 
manufacturing activities with consideration of economic, 
environmental, and social impacts.  
As a new university founded in 2008 between the Federal 
Republic of Germany and the Republic of Turkey, the Turkish-
German University in Istanbul, Turkey focuses on high-tech 
engineering and sustainable development. As an example of the 
framework proposed in this paper, this young university 
provides an excellent cooperative platform between Germany 
as a developed country and Turkey as an emerging country to 
connect advanced technologies from the US and Germany with 
unique approaches for the regional implementation of 
sustainable manufacturing. The reformed new industrial 
engineering program has been offered at this university since 
2014. The German Ministry for Education and Research 
supports the reformed program and is in the process of 
evaluating whether the improved industrial engineering 
programs with an interdisciplinary, international, IT-, 
sustainability-, and project-based focus demonstrate a new best 
practice, which is to be implemented throughout Germany and 
the US. An adaptation of this framework can be also applied to 
any set of countries worldwide. 
5. Conclusions and Outlook  
The major goal of this paper is to propose a framework for 
bridging the gap between developed and emerging countries 
through an educational program. Industrial engineering is 
considered as a highly relevant professional field because 
of its high dedication to manufacturing and service sectors, 
which are the major drivers for innovation of technological and 
managerial methodologies aimed at economic growth, global 
human well-being and quality of life. This paper exploits the 
industrial engineering opportunities for sustainable 
manufacturing in education and industrial practice in 
developed countries, focusing on the specific needs of an 
emerging country.  
The means by which industrial engineering programs can 
change in response to sustainability challenges are presented in 
three steps. Based on a review of methodologies and 
Fig. 5. The reformed new industrial engineering program in form of the house
of industrial engineering; (a) bachelor thesis; (b) international internship; (c) 
engineering, (d) sustainable manufacturing, (e) economic sciences, (f) 
fundamentals in physical sciences, (g) in formal sciences, (h) project-based 
courses and (i) technical internship.
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capabilities of current best practice industrial engineering 
programs, three major educational principles of the 
interdisciplinary higher education based on problem solving 
and IT are determined.  
The QFD analysis developed for identifying the 
improvement potential shows that the integration of 
sustainability, and related aspects, into the current programs is 
only rare, still not in detail, and holistically implemented. The 
stakeholder requirements, however, focus on the need for 
transforming the current principles in order to develop 
capabilities which will adapt the advanced methodologies of 
the developed countries to the regional requirements of 
emerging countries for greater efficiency and effectiveness in 
manufacturing.  
A novel framework is proposed in this paper for achieving 
sustainable value creation through transformed industrial 
engineering principles. The interdisciplinary and IT-based 
principles build the fundamentals for the transformation. The 
project-based principle incorporates problem-solving, 
interdisciplinary teamwork, and project management. The 
sustainability focus builds the basic principle to embrace the 
wide range of manufacturing and management methodologies 
for making significant economic, environmental, and social 
impacts on value creation. Due to the universal need for 
sustainable value creation, the proposed international principle 
enhances capabilities for implementing methodologies with 
local adaptation to emerging countries and, if necessary, to 
adapt to changing regional limitations.  
These principles support industrial engineers by providing 
enhanced capabilities for sustainable value creation. In order to 
demonstrate the novelty of the proposed framework based on 
the transformed principles, the new reformed industrial 
engineering undergraduate program is developed and validated 
at the new Turkish-German University according to the 
regional industrial needs for international cooperation. This 
collaborative effort presents a framework for an improved 
industrial engineering program for achieving sustainable value 
creation in global manufacturing systems.  
It is expected that the graduating industrial engineers would 
become the drivers of sustainable development in value 
creation by bridging the gap between developed and emerging 
countries, more specifically with Turkey and Germany. With 
the expansion of industrial engineering base, greater 
technological and managerial methodologies can be 
implemented and adapted for sustainable value creation 
purposes in particular projects. The outcomes of the reformed 
program need to be demonstrated among the three stakeholder 
groups and countries worldwide. They can promote the 
transformed principles and encourage other stakeholders in 
developed, emerging, and developing countries to reform the 
existing industrial engineering programs in this regard. The 
next step will be the development of the second column of the 
bridge, for example, in a developed country, from Germany to 
Turkey or any other country to establish a research field for 
sustainable manufacturing. The goal of the new research field 
is then to educate industrial engineers in bachelors, masters, 
doctoral levels, who has the capabilities to improve 
technological and managerial methodologies in practice and 
research for contributing to sustainable development between 
differently developed countries worldwide.  
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